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Abstract. The aim of the present study was to investigate 
the role of prolyl 4‑hydroxylase beta polypeptide (P4HB) 
in the chemoresistance of liver cancer. Drug‑resistant 
liver cancer cell lines, such as HepG2/adriamycin (ADR) 
cells, were treated and screened using adriamycin. Gene 
interference was used to silence the expression of P4HB in 
liver cancer cells. Cell viability, invasiveness and migra-
tion were assessed using CCK8, Transwell and wound 
healing assays, respectively. In addition, changes to key 
genes and proteins in the epithelial‑mesenchymal transition 
(EMT) and β‑catenin/Snail pathway were analyzed using 
reverse transcription‑quantitative PCR and western blot-
ting. Drug‑resistant HepG2/ADR cells were successfully 
cultivated; the IC50 to ADR for HepG2/ADR and HepG2 cell 
lines was 4.85 and 0.61 µM, respectively. HepG2/ADR cells 
exhibited higher invasion and migration abilities compared 
with HepG2 cells (P<0.05). E‑cadherin mRNA and protein 
expression levels in HepG2/ADR cells were decreased signifi-
cantly, whereas P4HB, N‑cadherin and vimentin mRNA and 
protein levels were significantly increased compared with 
HepG2 cells (all P<0.05). Knockdown of P4HB significantly 
decreased cell viability and the invasion and migration ability 
of HepG2/ADR cells. In addition, P4HB knockdown enhanced 

E‑cadherin mRNA and protein expression levels, whereas 
N‑cadherin, vimentin, total β‑catenin, nuclear β‑catenin and 
Snail mRNA and protein levels were significantly decreased 
(all P<0.05). Overall, the present study demonstrated that EMT 
and β‑catenin/Snail pathway influence P4HB modulation in 
liver cancer chemoresistance.

Introduction

Liver cancer is the sixth most common cancer and is the 
second leading cause of cancer‑associated mortality world-
wide in 2018 (1,2). Chemotherapy is one of the most common 
treatment methods for liver cancer (3,4); however, it is not 
very efficacious in certain patients (5). Currently, transarte-
rial chemoembolization (TACE) is the preferred therapy for 
patients with advanced hepatocellular carcinoma (HCC) (6). 
Adriamycin (ADR), also known as doxorubicin, is the first‑line 
chemotherapeutic drug used in TACE (7). However, the prog-
nosis of patients with HCC remains poor due to inherent or 
acquired chemoresistance to Adriamycin (8,9). Understanding 
the molecular mechanisms underlying ADR resistance in liver 
cancer may result in improved liver cancer prognosis and 
the development of suitable therapeutic targets to overcome 
chemoresistance.

Prolyl 4‑hydroxylase beta polypeptide (P4HB) is the 
core member of the protein disulfide isomerase gene family, 
and can serve as an endoplasmic reticulum chaperone to 
inhibit the aggregation of misfolded proteins (10). Previous 
reports have demonstrated that overexpression of P4HB 
promotes liver cancer progression via the upregulation of 
epithelial‑mesenchymal transition (EMT) (11), which is closely 
associated with drug‑resistance in malignant gliomas (12), 
glioblastoma multiforme  (13) and non‑small cell lung 
cancer (14). However, whether P4HB regulates drug‑resistance 
in liver cancer is unknown.

EMT was initially considered to be an important physiolog-
ical process in tissue differentiation and organogenesis during 
embryonic development (15). Previous studies have revealed 
that EMT is closely associated with drug‑resistance and tumor 
metastasis (16,17). EMT occurs in both gemcitabine‑resistant 
pancreatic adenocarcinoma cell lines (such as MiaPaCa‑2, 
Panc‑1 and Aspc‑1) (18) and adriamycin‑induced drug‑resistant 
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breast cancer cells (such as MCF7) (19). Snail and β‑catenin 
are two of the several known regulators of EMT‑associated. 
Snail is a zinc finger transcription factor and an important 
regulator in tumor progression, which can promote tumor inva-
sion and metastasis (20). Overexpression of Snail can promote 
epithelial mesenchymal transformation and the invasion and 
migration of breast cancer cells (21). Snail‑induced EMT is 
partly due to the direct repression of E‑cadherin transcrip-
tion both during development and tumour progression (22). 
β‑catenin serves a key role in regulating cell proliferation 
and differentiation (23,24). Epithelial integrity requires the 
stability of E‑cadherin/β‑catenin complexes (25). Previous 
studies have reported that Snail, β‑catenin and EMT contribute 
to tumor chemotherapeutic resistance to sorafenib (26) and 
cisplatin (27‑29).

In the present study, the expression of P4HB was measured 
in drug‑resistant liver cancer cells and its effects on invasion, 
migration and chemoresistance were investigated. The aim 
was to investigate the therapeutic value of targeting P4HB for 
liver cancer therapy.

Materials and methods

Cell culture. The liver cancer cell line HepG2 was purchased 
from The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences. Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc.), supple-
mented with 10% fetal bovine serum (FBS; Invitrogen; Thermo 
Fisher Scientific, Inc.), 100  U/ml penicillin (Invitrogen; 
Thermo Fisher Scientific, Inc.) and 100 µg/ml streptomycin 
(Invitrogen; Thermo Fisher Scientific, Inc.), was used as the cell 
culture medium. Cells were cultured in a humidified chamber 
containing 5% CO2 at 37˚C. To establish the HepG2/ADR cell 
lines, ADR (Selleckchem Chemicals) was added to HepG2 
cells in a stepwise increasing titration from 0.001‑0.5 mg/l for 
6 months. Resistant cell colonies were subsequently obtained. 
Adriamycin resistance was maintained by culturing the cells 
at low concentrations of ADR (0.10 mg/l). These resistant 
sub‑lines were named HepG2/ADR. At least three indepen-
dent experiments were performed.

Cell proliferation studies. Cell Counting Kit‑8 (CCK‑8; 
Beyotime Biotechnology, Inc.) assays were used to assess drug 
sensitivity. HepG2 and HepG2/ADR cells were seeded into 
96‑well plates at a density of 3,000 cells/well. HepG2/ADR 
cells were cultured in fresh medium containing increased 
concentrations of adriamycin (from 0‑8  µM) substituted 
medium and incubated at 37˚C with 5% CO2 for 48 h. CCK‑8 
assay was performed according to the manufacturer's proto-
cols. Briefly, each well was treated with 10 ul CCK‑8 reagent. 
After incubating at 37˚C for additional 2 h, the optical density 
at a wavelength of 450 nm was determined using a Spectramax 
M5 microplate reader (Molecular Devices, LLC). Each assay 
was performed with 5 replications.

Transwell migration and invasion assays. The Transwell 
chambers used for the migration assay contained polycar-
bonate filters with a 8‑µm pore size (BD Biosciences). DMEM 
containing 10% FBS was placed in the lower chambers. HepG2 
and HepG2/ADR cells (1x105 in 500 µl serum‑free DMEM) 

were seeded onto the upper chamber and incubated at 37˚C for 
24 h. Cells that had migrated to the lower chambers were fixed 
with 70% methanol and then stained with 0.1% crystal violet 
at room temperature, and imaged using an Olympus ix 71 light 
microscope at x100 magnification (Olympus Corporation, Inc.).

In order to measure cell invasion, 1x105 HepG2 and 
HepG2/ADR cells were serum‑starved overnight and seeded 
onto the upper chamber precoated with Matrigel (for 30 min 
at 37˚C). The cells that penetrated the Matrigel‑coated filter 
were fixed, stained, and counted as aforementioned, and 
subsequently five cell fields were randomly selected from each 
membrane to count using an Olympus ix 71 light microscope 
at x100 magnification (Olympus Corporation, Inc.). Each assay 
was performed in triplicate. At least three independent experi-
ments were performed.

Wound healing assay. HepG2 and HepG2/ADR cells were 
seeded onto 6‑well plates at a density of 5x105 cells/well and 
cultured in a humidified chamber containing 5% CO2 at 37˚C 
for one day. After the cells reached 100% confluence, a line 
was scraped at the center of each well using a 200‑ul pipette 
tip. Cellular debris was then carefully removed by washing 
with PBS three times. Subsequently, cells were cultured in 
serum‑free medium at 5% CO2 and 37˚C for 24 h. The images 
of the confluent cells were captured using an Olympus ix 71 
light microscope at x100 magnification (Olympus Corporation, 
Inc.) to determine the wound width at time 0 and 24 h, respec-
tively. Wound healing was visualized by comparing the images 
taken at 0 and 24 h, and analyzing the migration distance using 
the leading edge of the wound at each time point for all the 
treatment groups. The relative wound width was calculated as 
wound width at 24 h divided by wound width at the 0 h time 
point. At least three independent experiments were performed.

Western blotting. After treatment, total cellular protein from 
HepG2 and HepG2/ADR cells was extracted using RIPA buffer 
containing 1 mM phenylmethanesulfonyl fluoride (Aidlab 
Biotechnologies Co., Ltd.). Cell lysates were collected, and 
protein concentrations were determined using the bicinchoninic 
acidprotein assay kit (Beyotime Biotechnology, Inc.). Cell lysates 
(40 µg total protein and 40 µg nuclear protein) were subsequently 
separated by SDS‑PAGE (10% gel) and transferred onto PVDF 
membranes (Bio‑Rad Laboratories, Inc.). Next, 5% fat‑free milk 
was used to block the membrane at 4˚C for 1 h. Membranes 
were then incubated overnight with different primary anti-
bodies including anti‑P4HB (1:1,000; cat. no.  ab137110; 
Abcam), anti‑E‑cadherin (1:1,000; cat. no. 3195; Cell Signaling 
Technology, Inc.), anti‑N‑cadherin (1:1,000; cat. no.  4061; 
Cell Signaling Technology, Inc.), anti‑vimentin (1:1,000; cat. 
no. 5741; Cell Signaling Technology, Inc.), anti‑Snail (1:1,000; 
cat. no. 3879; Cell Signaling Technology, Inc.), anti‑β‑catenin 
(1:1,000; cat. no.  8480; Cell Signaling Technology, Inc.), 
anti‑β‑actin (1:1,000; cat. no. 4970; Cell Signaling Technology, 
Inc.) or anti‑histone H3 (1:1,000; cat. no. ab1791; Abcam) at 
4˚C. β‑Actin and histone proteins were used as the internal 
controls for total protein and nuclear protein, respectively. After 
washing, the membranes were incubated with the corresponding 
HRP‑linked secondary antibody (1:5,000; cat. no. 7074; Cell 
Signaling Technology, Inc.) at room temperature for 1 h. Protein 
bands were visualized with an enhanced chemiluminescent 
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reagent (GE Healthcare). Band intensity was measured using 
the gel imaging system (ProteinTech Group, Inc.) and analyzed 
using the FluorChem FC3 software (Proteinsimple, Inc.). At 
least three independent experiments were performed.

Reverse transcription‑quantitative (RT‑qPCR). Total RNA 
was isolated from HepG2 and HepG2/ADR liver cancer cells 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's instructions. RNA 
concentration was determined using the NanoDrop 2000 
spectrophotometer (Thermo Fisher Scientific, Inc.). According 
to the manufacturer's instructions, a total of 1 µg RNA was 
reverse‑transcribed (at 42˚C for 1 h; and at 70˚C for 10 min) 
using the First‑Strand cDNA Synthesis kit (Invitrogen; Thermo 
Fisher Scientific, Inc.). qPCR was performed using a SYBR 
green qPCR SuperMix‑UDG kit (Life Technologies; Thermo 
Fisher Scientific, Inc.) on an ABI 7500 system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) to determine the 
expression levels of the target mRNAs in accordance with the 
manufacturer's instructions (95˚C for 10 sec; 60˚C for 15 sec; 
72˚C for 15 sec; 45 cycles).

Relative mRNA expression levels were calculated using 
GAPDH as the internal control. Each sample was run in 
triplicate. The primer pairs used were as follows: P4HB 
forward, 5'‑GGA​ATG​GAG​ACA​CGG​CTT​C‑3' and reverse, 
5'‑TTC​AGC​CAG​TTC​ACG​ATG​TC‑3'; and β‑actin forward, 
5'‑AGC​GCG​GCT​ACA​GCT​TCA‑3', and reverse, 5'‑GGC​CAT​
CTC​TTG​CTC​GAA​GT‑3'. The gene expression levels for all 
samples were normalized to GAPDH expression using the 
2‑ΔΔCq method (30). At least three independent experiments 
were performed.

Cell transfection. Small interfering RNA (siRNA) specific 
for human P4HB (5'‑AAG​ATG​AAC​TGT​AAT​ACG​CAA‑3') 

and a scrambled siRNA (5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3'), which was used as the negative control (NC), were 
designed and synthesized by Shanghai GenePharma Co., Ltd. 
HepG2/ADR cells were seeded at a density of 3x105 cells/ml 
onto 6‑well plates and transfected with 2 ug control siRNA 
and P4HB siRNA using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol for 48 h. At least three independent experiments were 
performed.

Statistical analysis. Data are presented as mean ± SD. Data 
was analyzed using the SPSS 21.0 software (IBM, Corp.). 
The Mann‑Whitney U test was performed due to abnormal 
distribution or heterogeneity of variance. Additionally, the 
Student's t‑test or one‑way analysis of variance with Dunnett's 
post‑hoc test was used for normally distributed data. P<0.05 
was considered to indicate a statistically significant difference.

Results

P4HB expression levels are upregulated in chemoresistant liver 
cancer sub‑line HepG2/ADR. In order to investigate the possible 
mechanisms underlying chemoresistance in liver cancer, a liver 
cancer sub‑line that is resistant to ADR was established. The 
liver cancer cell line HepG2/ADR was more resistant to ADR 
compared with its parental cell line (Fig. 1A). The half maximal 
inhibitory concentration (IC50) of HepG2/ADR and HepG2 cell 
lines resistant to ADR were 4.85 and 0.61 µM, respectively. 
The data also revealed that P4HB mRNA and protein levels 
were higher in HepG2/ADR cells compared with HepG2 cells 
(P<0.01; Fig. 1B). This indicates that P4HB may serve an impor-
tant role in liver cancer chemoresistance.

Chemoresistant liver cancer subline exhibits an EMT 
phenotype with high migration and invasion abilities. To 

Figure 1. P4HB expression levels and the different chemosensitivities of liver cancer cell lines. (A) HepG2/ADR cells have higher resistance to ADR compared 
with the parental HepG2 cell line (IC50 of HepG2/ADR cells is 8 times higher, as determined using Cell Counting Kit‑8 assays). (B) P4HB mRNA and protein 
expression levels as determined by reverse transcription‑quantitative PCR and western blotting, respectively. Experiments were performed in triplicate. 
**P<0.01, ***P<0.001 vs. HepG2. P4HB, prolyl 4‑hydroxylase beta polypeptide; ADR, adriamycin.
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determine the migration and invasion ability of HepG2/ADR 
cells, Transwell and wound healing assays were performed. 

HepG2/ADR cells had significantly increased numbers of 
cells with migratory and invasive ability after 24 h, compared 

Figure 3. Chemoresistant liver cancer exhibits characteristics of epithelial‑mesenchymal transition. (A) E‑cadherin mRNA expression levels were significantly 
reduced in HepG2/ADR cells; however, vimentin and N‑cadherin mRNA levels were significantly increased, compared with the parental HepG2 cell line, as 
demonstrated by reverse transcription‑quantitative PCR. (B) Western blotting demonstrated that E‑cadherin protein expression was significantly reduced in 
HepG2/ADR cells; however, vimentin and N‑cadherin protein levels were significantly increased compared with the parental HepG2 cell line. Experiments 
were performed in triplicate. *P<0.05, **P<0.01, ***P<0.001 vs. HepG2. P4HB, prolyl 4‑hydroxylase beta polypeptide; ADR, adriamycin.

Figure 2. HepG2/ADR cells have increased migration and invasion abilities. (A) The number of migrating and invading HepG2/ADR cells, as determined by 
Transwell assays, were significantly higher compared with the parental HepG2 cell line after 24 h. (B) HepG2/ADR cells had significantly increased numbers 
of migratory cells across the wound area compared with the parental HepG2 cell line after 24 h. Experiments were performed in triplicate. Magnification, 
x100. *P<0.05, **P<0.01, ***P<0.001 vs. HepG2. P4HB, prolyl 4‑hydroxylase beta polypeptide; ADR, adriamycin.
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with HepG2 cells (P<0.05; Fig. 2A and B), indicating that 
HepG2/ADR cells acquired enhanced migration and invasion 
ability. To determine whether HepG2/ADR cells acquired 
specific molecular changes consistent with EMT, the mRNA 
and protein expression levels of epithelial adhesion molecule 
E‑cadherin and mesenchymal markers, including vimentin 
and N‑cadherin, were measured. It was observed that the 
expression of E‑cadherin was significantly downregulated in 
HepG2/ADR cells at both mRNA and protein levels (P<0.01), 
whereas the expression levels of vimentin and N‑cadherin 
were upregulated (P<0.01; Fig. 3). These results indicate that 
EMT was activated in adriamycin‑resistant liver cancer cells.

Knockdown of P4HB decreases drug‑resistance in HepG2/ADR 
cells. Following transfection of HepG2/ADR cells with P4HB 
siRNA, the expression levels of P4HB at the mRNA and protein 
levels were significantly downregulated (P<0.001; Fig. 4A). 
Subsequently, the effect of P4HB inhibition on ADR resistance 
was investigated in HepG2/ADR cells. CCK‑8 assays demon-
strated that ADR was more effective in cells transfected with 
P4HB siRNA compared with cells transfected with NC siRNA. 
The IC50 of the NC group and the P4HB siRNA group of ADR 
resistant cells were 4.64 and 2.05 µM, respectively (Fig. 4B). 
These findings suggest that knockdown of P4HB partially 
reverses drug‑resistance in liver cancer cell lines.

Knockdown of P4HB inhibits the migration and invasion of 
HepG2/ADR cells. To further understand the role of P4HB, 
the migration and invasive abilities of HepG2/ADR cells 
transfected with P4HB siRNA were investigated. Transwell 
assays demonstrated that knockdown of P4HB significantly 

decreased the migratory and invasive ability of HepG2/ADR 
cells (P<0.001; Fig. 5A). Consistent with these results, P4HB 
siRNA inhibited cell motility as assessed by wound healing 
assays in HepG2/ADR cells (P<0.001; Fig. 5B).

Knockdown of P4HB influences EMT in HepG2/ADR cells. 
It was observed that the expression levels of vimentin and 
N‑cadherin decreased (P<0.05), whereas E‑cadherin levels 
increased significantly in HepG2/ADR cells transfected with 
P4HB siRNA (P<0.05; Fig. 6A, B). This suggests that the 
downregulation of P4HB leads to the inhibition of EMT.

Knockdown of P4HB inhibits the Snail and β‑catenin 
pathways in HepG2/ADR cells. To investigate the pathway 
interaction between P4HB, Snail and β‑catenin, the expression 
level changes in Snail and β‑catenin were measured by western 
blotting after silencing P4HB expression in  vitro. It was 
observed that the knockdown of P4HB significantly decreased 
the expression of total and nuclear β‑catenin (P<0.01) and 
downregulated the expression of Snail (P<0.05) (Fig. 7). This 
indicates that P4HB may influence the EMT process via the 
Snail and β‑catenin pathways (Figs. 7 and 8).

Discussion

Liver cancer is one of the most common malignant tumors 
worldwide in 2018 (1,2). Resistance to cytotoxic agents is the 
major cause of treatment failure in liver cancer. Several studies 
have demonstrated that P4HB is associated with chemoresis-
tance (14‑16). The present study aimed to investigate whether 
P4HB influences liver cancer chemotherapy resistance. It was 

Figure 4. Knockdown of P4HB reduces drug‑resistance in HepG2/ADR cells. (A) HepG2/ADR cells were transfected with P4HB and NC siRNA. P4HB protein 
and mRNA expression levels were significantly downregulated after P4HB siRNA transfection. (B) Cell viability in P4HB siRNA transfected cells were lower 
compared with the NC group (IC50 in the NC group was 2.3 times higher compared with P4HB siRNA‑transfected cells (as determined by Cell Counting Kit‑8 
assays). Experiments were performed in triplicate. *P<0.05, **P<0.01, ***P<0.001 vs. NC. P4HB, prolyl 4‑hydroxylase beta polypeptide; ADR, adriamycin; 
siRNA, small interfering RNA; NC, negative control; IC50, half maximal inhibitory concentration.
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Figure 6. Knockdown of P4HB influences epithelial‑mesenchymal transition in HepG2/adriamycin cells. (A) Reverse transcription‑quantitative PCR results 
demonstrated that E‑cadherin mRNA expression levels were significantly increased in the P4HB siRNA group, whereas vimentin and N‑cadherin levels 
were significantly reduced. (B) Western blotting results demonstrated that E‑cadherin protein expression levels were significantly increased in P4HB siRNA 
group, whereas vimentin and N‑cadherin levels were significantly reduced. Experiments were performed in triplicate. *P<0.05, **P<0.01 vs. NC. P4HB, prolyl 
4‑hydroxylase beta polypeptide; siRNA, small interfering RNA; NC, negative control.

Figure 5. Knockdown of P4HB inhibits the migration and invasion of HepG2/adriamycin cells. (A) The numbers of migrating and invading cells were 
significantly reduced in the P4HB siRNA group compared with the NC group after 24 h. (B) The P4HB siRNA group had significantly reduced number of 
cells migrating across the wound area compared with the NC group after 24 h. Experiments were performed in triplicate. Magnification, x100. ***P<0.001 vs. 
NC. P4HB, prolyl 4‑hydroxylase beta polypeptide; siRNA, small interfering RNA; NC, negative control.
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revealed that P4HB expression was significantly upregulated 
in adriamycin‑resistant HepG2/ADR cells, compared with 
the parental HepG2 cell lines. Silencing P4HB increased the 

sensitivity of adriamycin‑resistant cells to adriamycin. In 
addition, HepG2/ADR cells exhibited increased invasion and 
migration abilities, whereas the knockdown of P4HB signifi-
cantly decreased cell viability and the number of invasive and 
migratory cells. Notably, the knockdown of P4HB inhibited 
EMT in HepG2/ADR cells. Overall, the current findings 
indicate that P4HB knockdown may enhance the sensitivity of 
HepG2/ADR cells to ADR, and inhibit its invasive and migra-
tory ability.

EMT is a complex molecular program that regulates 
changes to cell morphology and function during embryogen-
esis and tissue development (15). During EMT, epithelial cells 
acquire enhanced motility and invasiveness that are typical of 
mesenchymal cells. EMT also contributes to tumor progres-
sion and metastasis (31). Emerging evidence suggests that cells 
undergoing EMT have increased chemotherapy resistance, and 
abnormal activation of genes associated with drug metabo-
lism (19,32). This indicates that EMT is closely associated 
with chemotherapy resistance in tumor cells. Consistent with 
these findings, the present study demonstrated the involve-
ment of P4HB in chemoresistance in adriamycin‑resistant 
HepG2/ADR cells, whereas P4HB knockdown resulted in 
reduced EMT and enhanced chemosensitivity.

Snail is a member of the zinc finger transcription factor 
family and is an important regulatory factor in tumorigenesis 
which can inhibit gene transcription via competitive binding to 
promoter sequences (33‑35). The phenotypic transformation of 
epithelial cells to mesenchymal cells results in the occurrence of 
EMT (36). The data of the present study demonstrated that the 
knockdown of P4HB significantly decreased the expression of 

Figure 7. Silencing P4HB suppresses the Snail and β‑catenin pathways in HepG2/adriamycin cells. (A) Expression levels of total β‑catenin, nuclear β‑catenin 
and Snail were significantly reduced in the P4HB siRNA group. Quantitative results of western blots for (B) nuclear β‑catenin; (C) total β‑catenin; and 
(D) Snail. Experiments were performed in triplicate. *P<0.05, **P<0.01 vs. NC. P4HB, prolyl 4‑hydroxylase beta polypeptide; NC, negative control, siRNA, 
small interfering RNA.

Figure 8. Involvement of P4HB in potential signaling pathways affecting 
chemosensitivity, invasion and migration in HepG2/ADR cells. P4HB 
influences chemosensitivity, invasion and migration of HepG2/ADR cells 
via EMT, which is regulated by the β‑catenin/Snail pathway. P4HB, prolyl 
4‑hydroxylase beta polypeptide; EMT, epithelial‑mesenchymal transition.
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Snail in HepG2/ADR cells. β‑catenin is the core component of 
the Wnt signaling pathway regulates the transcription of several 
downstream target genes of Wnt, such as cyclin D1, c‑myc and 
vimentin, which mediates metastasis and invasion (37). Snail 
and β‑catenin have been reported to regulate various cellular 
processes, such as cancer cell proliferation, apoptosis, invasion, 
metastases and EMT in colorectal cancer cells (38). The present 
study demonstrated that the knockdown of P4HB significantly 
decreased the expression of total and nuclear β‑catenin, and 
downregulated the expression of Snail. This indicates that P4HB 
may influence the EMT process via the β‑catenin/Snail pathway.

In summary, the present study provides evidence that 
P4HB protects HepG2 cells from ADR. Furthermore, the data 
demonstrate the role of P4HB in the chemosensitivity, invasion 
and migration of HepG2/ADR cells may be mediated via EMT, 
which is regulated by the β‑catenin/Snail pathway. Thus, P4HB 
may represent a novel target to treat liver cancer with acquired 
ADR resistance. It is well known that P4HB and its downstream 
targets may induce EMT; however, the mechanisms by which 
P4HB regulates EMT remain to be deciphered.
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